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CYTOTAXONOMY OF ILLICIUM FLORIDANUM
AND I. PARVIFLORUM (ILLICIACEAE)

DoNALD E. STONE AND JuDpIiTH L. FREEMAN !

RECENT CHROMOSOME COUNTS of the Ranales by Raven and Kyhos
(1965) provide new insight into evolutionary patterns of the most primi-
tive members of extant angiosperms. They concluded that the basic
chromosome number for the primitive angiosperms is probably x=7. It
1s argued that numbers such as n=6, 8 (Aristolochiaceae), n=8, 9 (An-
nonaceae), n=10 (Eupomatiaceae), n=11 (Calycanthaceae, Saurura-
ceae), n=12 (Lauraceae), n= 13 (Canellaceae, Drimys sect. TASMANNIA),
etc. are aneuploid derivatives of the base number 7 and its multiple, n = 14.
Stebbins (1958, 1966) has recently reiterated an alternative hypothesis
which seeks to explain the higher numbers such as #=12 and n= 13 as the
result of “direct polyploidy,” rather than a doubling of 7 followed by
aneuploid reduction. He pictures aneuploid changes in chromosome num-
ber from a basic x=6 or x=7 to have gone both upward (x=9) and
downward (x=35) at an early stage of angiosperm evolution. This period
was followed by the build up of higher basic numbers in woody members
through polyploidy. Once the polyploid levels were reached Stebbins
implied that further evolutionary diversification was relegated to processes
of speciation and generic differentiation at the homoploid level. While
such a hypothesis is highly plausible and, in fact, is generally accepted in
the derivation of =19 in the Magnoliaceae from unknown n=7 and
n = 12 (found in the related Degeneriaceae and Himantandraceae) ances-
tors (Stebbins, 1950; Darlington, 1956; Raven and Kyhos, 1965); evi-
dence does exist in the Ranales for aneuploid changes at the polyploid
level. The Piperaceae, for example, have n=11, 12, 14, and 16, numbers
which are surely indicative of aneuploid derivation. Stebbins (1966, Table
2) overlooked another example cited by Raven and Kyhos (1965; Stone,
1965) in which Zlicium floridanum Ellis with »=13 is a probable deriva-
tive of the basic #=14 common to other members of the Illiciaceae and
the related Schisandraceae. It is the purpose of this paper to examine the
karyotypes of two of the four New World species of Illicitum and to
document the aneuploid reduction from n=14 to n=13.

MATERIALS AND METHODS

The collections and chromosome numbers of Illicium floridanum Ellis
and /. parviflorum Michx. ex Vent. are presented in TABLE 1. The
populations that were sampled do not span the range of each species but
presumably are representative. /. floridanum ranges from northwestern
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TagLE 1. Collections and chromosome numbers of
Ilicium floridanum and 1. parvilorum

_‘* e ——

SPECIES AND COLLECTION CHROMOSOME
NUMBER NUMBER COLLECTION DATA

N n

 ————————————————— — -

o —— — — —

Illicium floridanum Ellis (sect. ILLICTUM )

Stone 1357 13 Washington Parish, near War-
nerton. La. (NO)

Stone 1522 26 Hancock Co., near Logtown,
Miss. (DUKE)

Stone 1819 26 Alachua Co.. cultivated near

Gainesville. Fla.. by A. M.
Laessle. (DUKE)

Hlicium parviflorum Michx. ex Vent. (sect. CYMBOSTEMON)

Stone 1422 14 28 Alachua Co.. cultivated near
Gainesville, Fla., by A. M.
Laessle. Cuttings originally
obtained from Norwalk. ne.
corner of Ocala National For-
est. (DUKE)

Stone 1820 14 28 Orange Co., Chapel Hill, N.C,,
cultivated on Univ. of North
Carolina campus. (DUKE)

Stone 1821 28 Orange Co., Chapel Hill, N.C,,
cultivated on Univ. of North
Carolina campus. (DUKE)

—— e M —

e A .~ e e — e

s — — ——

F!orida to eastern Louisiana and northward to central Alabama. /. par-
mﬂorum is restricted to a few localities at the headwaters of the St. Johns
River in northeastern Florida and is quite often marketed by Florida
nurserymen as /. anisatum (pers. comm., A. M. Laessle).

Flower buds suitable for studies of meiosis were fixed in 3 (absolute
ethanol): 1 (glacial acetic acid) and stored in 709 ethanol until prepared
for examination by the standard acetocarmine squash technique. Karyo-
type analyses of mitotic chromosomes were conducted on the root tips of
young s.eedlings or cuttings stimulated to produce callus and adventitious
roots with hormone treatment. Most satisfactory preparations were ob-

tained by treating root tips in a 0.1% colchicine solution for 3 to 4 hours
before fixation.

Chromos.ome squashes deemed satisfactory for analysis were photo-
graphed with a Leitz Ortholux microscope (X 90 objective, N.A. 1.32)
and Kodak Contrast Process Ortho sheet film. Prints of t,he negatives
were standardized at X 3000 for measurement with a millimeter rule.
Measurements were made of the total chromosome length and length of
each arm. The measurements of homologous chromosomes were averaged
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and expressed In percent as a function of the total chromosome length of
the genome (i.e. mean percent length, Martin and Hayman, 1965). This
procedure was an attempt to reduce variation in chromosome length
introduced by variable cell-sizes and squash preparations, while at the
same time expressing the results from different cells on a standard scale.

RESULTS

Karyotype analyses. The data from untreated and colchicine treated
cells were processed separately. The differences due to treatment were
negligible, however, and the samples were subsequently pooled. While
the basic proportions of the karyotype were unaffected by treatment, the
highly contracted colchicine-treated chromosomes were less suitable than
untreated chromosomes for analyses of secondary constrictions. The
results presented in TABLE 2 are based on ten cells each from seedlings
and cuttings of lllicium parviflorum (Stone 1422, 1820) and a combined
total of eight cells from seedlings and cuttings of /. floridanum (Stone
1522, 1819).

The data from the native Florida (Stone 1422) and cultivated North
Carolina (Stone 1820) plants of lllicium parvifiorum are presented sep-
arately to show the remarkable similarity in karyotypes (Fi1c. 1). Since
these samples were independently analyzed, we consider the good agree-
ment in results to be ample vindication of the techniques employed.

Illicium floridanum has 2n=26 (Fi1c. 3) and a karyotype consisting of
1 v-shaped, 10 j-shaped, and 2 rod chromosomes. [I. parviflorum has
2n=28 (Fi1cs. 7, 8) and a karyotype which includes 10 j-shaped and 4
rod chromosomes. On the basis of total size, relative arm lengths, and
secondary constrictions, it has been possible to match 9 j (#2-10) and
2 rod chromosomes (#11, 12) of the I. floridanum and I. parviflorum
complements (F1c. 1). Chromosomes 1 and 15 of I. floridanum and
chromosomes 1, 13, and 14 of I. parviflorum do not have identical
equivalents. Since /. floridanum (sect. ILLictum) and /. parvifiorum (sect.
CYMBOSTEMON) are representative of two clearly demarcated sections of
the genus, direct derivation of one from the other is not possible. However,
if we assume the 14-chromosome karyotype of I. parvifiorum is probably
not too dissimilar from other 14-chromosome species, including /. anisatum
of sect. TLLiciuMm, then the simplest explanation is that three parviflorum-
like chromosomes have undergone reciprocal translocations of unequal
chromosome segments to be repatterned into the two of /. floridanum.
The basic scheme proposed by Darlington (1937) shows how the entire
euchromatic arm of a rod-shaped chromosome could be transferred to the
heterochromatic arm of a second rod chromosome. This process, some-
times referred to as centric fusion, followed by loss of one heterochromatic
centromere region, would result in gametes with one less chromosome but
without any loss of genetic material. Of course, proof for this type of
rearrangement must necessarily come from meiotic studies of F; species
hybrids, as Togby (1943) has demonstrated in Crepis (n = 4 to n = 3)
and Kyhos (1965) in Chaenactis (n = 6 to n = §).
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ﬂ

F1G. 3. Illicium floridanum. Mitotic metaphase, 2n = 26, Stone 1522, X 1780.

Neither hybrids between these shrubs nor studies of pairing configura-
tions in meiosis have been attempted. However, the simplest explanation
for the derivation of #=13 from n=14 would involve centric fusion.
Fusion of rod chromosomes 13 and 14 (Fi1c. 2) might have produced
chromosome 15 of /. floridanum. Chromosome 1 of 1. floridanum (FIG.
1) 1s very similar to chromosome 1 of I. parviflorum. Both chromosomes
are the longest of their respective genomes and both have secondary
constrictions located in approximately the same region in each arm. The



1968] STONE & FREEMAN, CYTOTAXONOMY OF ILLICIUM 47

J-shaped morphology of 1. parvifiorum could have been transformed into
the v-shape of /. floridanum by adding segments to the ends of the arms
(F1c. 2).

Meiotic analyses. Acetocarmine squashes of pollen mother cells were
prepared. Meiosis was found to be normal in both species with a base
number of n=13 in Illicium floridanum (Fics. 4-6) and n=14 in I.
parviflorum (Fi1cs. 9-10). An analysis of 19 cells of /. floridanum
revealed an average chiasma-frequency of 1.31 per bivalent (TABLE 3).

TAaBLE 3. Chiasma-frequency at diakinesis in Illicium floridanum *

—— e

e — e

TYPES OF No. OF No., OF

CHIASMATA CHROMOSOMES CHIASMATA O, CHIASMA-TYPES
Zero 16 0 6.5
One terminal 69 69 27.9
Two terminals 35 70 14.2
One interstitial 73 73 29.6
Two interstitials 25 50 10.1
One terminal 25 50 10.1

— one Interstitial
Two terminals 4 12 1.6

— one interstitial
TOTALS 247 324 100.0

Chiasma-frequency/bivalent = 324/247 = 1.31

* Based on 19 cells

SUMMARY AND CONCLUSIONS

Chromosome counts on the related Schisandraceae (Whitaker, 1933:
Stone, 1965) and two of the three members of the Illiciaceae (Whitaker,
1933), suggest that 14 is the base number for the alliance. Viewed in
this light, =13 in Illicium floridanum clearly seems to be the prod-
uct of aneuploid reduction. Though we have made direct comparisons
between the karyotypes of /. floridanum (sect. ILLictum) and /. parvi-
florum (sect. CymBosTEMON), it should be re-emphasized that these
species are representatives of the two sections of the family. It would be
most interesting to examine the 14-chromosome karyotype of /. anisatum
(Whitaker, 1933), for this species is one of the twelve Smith placed in
section ILLictum (formerly sect. BApiana) with /. floridanum. The cytology
of section CyMBoSTEMON is equally unknown. The n= 14 count of /. par-
viflorum is the only report on the 29 species recognized by Smith ( 19{47 ).
While it is quite likely that the 14-chromosome species of both sections
have similar karyotypes, it will be necessary to analyze close relatives of
I. floridanum and meiotic pairing configurations formed in n=13 X
n = 14 hybrids before the exact nature of aneuploid reduction is estab-

lished.
Centric fusion (Fic. 2) of rod chromosomes 13 and 14 of 1. parvifiorum

L
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F1Gs, 4-6. Illicium floridanum. Meiosis
1357, X 1000. 4. Diakinesis. 5 Metaphase 1. 6. Anaphase 1.

In pollen mother cells, n = 13, Stone
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Fics. 7 and 8. Illicium parviflorum. Mitotic metaphase, 2n = 25, 1) 50.
/. North Carolina population, Stone 1820. 8. Florida population, Stone [42<2.
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.

¥F16s. 9 and 10. Illicium parviflorum. Meiosis in pollen mother cells, 7 = 14,
dtone 1820, X 1500. 9. Diakinesis. 10. Anaphase 1.

could account for number 15 of I. floridanum (Fic. 1). In addition, 11
the residuum of number 13 was transferred to the terminal ends of the

arms of chromosome 1 (F1c. 2), a v-shaped chromosome similar 10
chromosome 1 of I. floridanum would result.



1968| STONE & FREEMAN, CYTOTAXONOMY OF ILLICIUM 51

We have no information on the significance of the reduction from
n=14 to n=13. Whitaker (1933) originally reported n= 14 for Illicium
amisatum L. (as 1. religiosum) and I. floridanum. As we have shown,
his report for I. floridanum is probably incorrect. Unfortunately, as
Wood (1958) has noted, Whitaker’s counts were not documented with
voucher specimens and there is no way to tell if he miscounted or mis-
identified the material. It does open the question, however, of whether
[. amisatum of the same section might not also have n=13. If not, then
n=13 may be exclusive to the American species of section ILLictum. For

as Smith (1947) commented, ‘“The species [/. floridanum] is clearly
separable from all Old World members of § Badiana | = § ILLictum| on
the basis of its comparatively long pedicels, numerous stamens, and
brightly colored perianth segments. Its only close relative is the following
new specles |/. mexicanum|.”
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